essentially similar dependency towards hormones. Prolactin stimulated mRNA accumulation and insulin and cortisol amplified this stimulation. The induction by prolactin was rapid whereas stimulation by insulin was slower. Fragments of rabbit genomic DNA inserted in phage and containing a . , -casein, /3-casein and WAP genes have been cloned. The primary sequence around the CAP site of the three genes has been established. A comparison of the sequences located upstream from the CAP site shows several striking homologies with the corresponding genes from cow, rat and guinea-pig. This suggests that these sequences participate in the transcriptional control of the genes by hormones. The mechanism involved in the transduction of the prolactin message to milk protein genes in unknown. Using mammary explants in culture, several classical mechanisms of transduction have been examined. Phorbol ester, phorbol -12, 13-dibutyrate (PdiBu) inhibited prolactin action. However, another tumor promoter, 12-0-tetradecanoyl phorbol -13-acetate (TPA), did not alter prolactin action. Kinase C inhibitor H7 did not prevent prolactin action and did not overcome the inhibition by PdiBu. Kinase C is therefore not essential for the transduction of the prolactin message to milk protein gene. Neomycin, which inhibits phosphatidylinositol hydrolysis by phosphorylase C, prevented prolactin action, whereas other inhibitors of phosphatidylinositol metabolism remained uneffective. Degradation of phosphatidylinositol is therefore likely not an essential step of prolactin action on milk protein genes. Inhibitors of tyrosine kinase and phosphatase exhibited a poor capacity to modify the prolactin response. Hence, transduction mechanisms using tyrosine kinase activity likely cannot account for prolactin action.
Introduction.
Milk protein synthesis is under the control of several hormones. In the rabbit, freshly explanted mammary tissue is sensitive to prolactin alone whereas insulin (') (Houdebine et al., 1985) . Progesterone in vivo (Teyssot and Houdebine, 1980) (Djiane et al., 1981 . The hormone is therefore not necessary beyond its receptor, and a mediator of unknown nature must be generated at the membrane level (Houdebine et al., 1985) . (Houdebine et al., 1985) . Results (Flaim et al., 1985) and rapid in others (Lee et al., 1986 (Houdebine et a/., 1978 ; Guyette et al., 1979 ; Ganguly et al., 1979 ;  Teyssot and Houdebine, 1980; Chomczynski et al., 1984 Chomczynski et al., , 1986 (Houdebine, 1977) have shown that essentially one copy of each casein gene is present per haploid genome. This fact was later confirmed for rat WAP, iX s 1 -casein and fl-casein genes using southern blotting (Campbell et Rosen, 1984; Jones et al., 1985 , Yu-Lee et al., 1986 . The same was observed for rabbit 6-casein gene (unpublished result).
In the three genomic fragments we have isolated and described above, sequences of the corresponding cDNA were found. Therefore, these isolated genomic DNAs are fragments of the single a-casein, /3-casein and WAP genes expressed in the mammary gland.
2) Sequence of the upstream regions of the three genes. - (Compton et al., 1983 (fig. 8) .
Recently, it has been proposed that a conserved sequence might be present in the regulatory regions of all the milk protein genes (Hall et al., 1987) . This sequence has been found in human a-lactalbumin gene and in several casein genes from guinea-pig and rat (Qasba et Safaya, 1984 ). An analogous sequence was also found in the upstream region of the rabbit fl-casein gene ( fig. 9) (Caufield and Bolander, 1986) . The inhibitory effect of PdiBu is therefore most likely not due to genuine phorbol ester action. It might be due to the presence of the butyrate moiety which is a strong inhibitor of prolactin action (Martel et al., 1983b (Carney etal., 1985) . Neomycin added with prolactin at a concentration of 1 mM inhibited strongly the hormonal action (table 2). Although neomycin acts on phospholipase C it is known to have other effects also related with phospholipid metabolism (Polascik et al., 1987 ; Nakashima et al., 1987) . The experiment with neomycin thus does not strictly demonstrate that hydrolysis of phosphatidylinositol is required in prolactin action. Hexachlorocyclohexane has also been demonstrated to prevent phospholipase C from hydrolysing phosphatidylinositol (Ristow etal., 1980; Hoffmann et al., 1980) . This compound was unable to alter prolactin action (table 2) . LiCl prevents the recycling of inositol phosphate into phosphatidylinositol (Berridge, 1983) . LiCI added with prolactin did not affect the induction of /3-casein gene expression (table 2). The interpretation of the experiment with LiCl may be complicated by the fact that free inositol was present in medium 199 used in the cultures. In these conditions, recycling of inositol phosphate may be unnecessary for phosphatidylinositol phosphate to be regenerated (Ishihara etal., 1987) . Quercetin, which is an inhibitor of several kinases including phosphatidylinositol kinase (Sharoni etal., 1986) , kinase C (Gschwendt et al., 1983 ) and a kinase found in mammary gland (Levy et al., 1984) did not prevent prolactin from trigerring the accumulation of /3-casein mRNA (table 2) .
Phosphatidic acid is a compound generated after hydrolysis of phospholipids by phospholipase C and it is a precursor of phospholipids. When added to culture medium, phosphatidic acid has been shown to mimic growth factor action for the accumulation of c-myc mRNA (Moolenaar et al., 1986 ). When added with or without prolactin, phosphatidic acid did not mimic or alter hormonal response (table 2) . Two other derivatives of phospholipid, phosphoethanolamine (table 2) and phosphocholine, were unable to mimic prolactin action (not shown). All these data argue rather in favour of the idea that phosphatidylinositides are not strictly involved in the mechanism of prolactin action. Obviously, additional experiments have to be performed before this possibility can be totally ruled out.
3) Role of tyrosine kinase. -Tyrosine kinase activity is associated with the receptor of several protein hormones and, in the case of insulin, it is involved in the transmission of the hormonal message to glucose carrier (Ellis et al., 1987) . Tyrosine kinase activity is inhibited by 5'-p-fluorosulfonylbenzoyladenosine (Buhrow etal., 1982) , amiloride (Davis and Czech, 1985) and quercetin (Levy et a/., 1984) . None of these compounds prevented prolactin action (table 2 and 3).
On the other hand, sodium orthovanadate, which has been shown to mimic hormone action by specifically inhibiting tyrosine phosphatase (Klarlund, 1985 ; Green, 1986) (colchicine, vinblastine, podophyllotoxin, nocoda- zole and tubulozole C) inhibit the induction of casein synthesis by prolactin (Servely et al., 1987) . One possible interpretation of these data was that microtubules are involved in the transmission of the prolactin message. More recently, it has been observed that estramustine, a microtubule-disrupting drug which binds MAP but not tubulin, is unable to inhibit prolactin action (Zwierzchowski et al., 1988) . These experiments indicate that free tubulin, rather than tubulin organized in microtubules, is implicated in the prolactin mechanism of action. Results presented in figure 12 indicate that after 8 hours of action, the various microtubule-disrupting drugs, at most, only partially inhibited prolactin action, although in these conditions they rapidly disorganize the microtubular network (Ollivier-Bousquet, 1979 inhibe l'action de la prolactine. Cependant, un autre promoteur de tumeur, le 12-0-tetradecanoyl phorbol-13-acétate (TPA) ne modifie pas l'action de la prolactine. L'inhibiteur H7 de la kinase C ne s'oppose pas à l'action de la prolactine et il ne lève pas l'inhibition du PdiBu. La kinase C n'est donc probablement pas essentielle pour que la transduction du message prolactinique aux gènes des protéines du lait ait lieu. La néomycine qui inhibe l'hydrolyse du phosphatidyl inositol par la phospholipase C empêche la prolactine d'agir, tandis que d'autres inhibiteurs restent sans effet. La dégradation du phosphatidyl inositol n'est probablement pas une étape essentielle dans l'action de la prolactine sur les gènes des protéines du lait. Des inhibiteurs de la tyrosine kinase et de la phosphatase ne modifient que modestement l'action de la prolactine. Les mécanismes de transduction utilisant l'activité tyrosine kinase ne sont donc probablement pas impliqués dans la transduction du message prolactinique à ses gènes cibles.
